Volatile organic compounds (VOCs) emitted by Bacillus species have been reported as growth inducers in Arabidopsis thaliana, but their effects on horticultural species have been scarcely studied. In this study, Lactuca had a greater effect. It noteworthy that root development was higher when BCT9 was grown in MRVP-A than in the others culture medium. The identified VOCs released by BCT9 in MRVP-A were 3-hydroxy-2-butanone, 2,3-butanediol, 2-nonanone, 2-undecanone, 2-tridecanone and 2-pentadecanone. Furthermore, the toxicity bioassays indicated that most VOCs did not have high toxic effects and some VOCs stimulated the growth at seed germination stage. In conclusion, this study suggests that VOCs can strongly modulate the L. sativa growth during germination and seedlings stages, so new explorations should be carried out in other vegetables to determine their effects.
Introduction
Volatile organic compounds (VOCs) are molecules with low molecular weight (300 g/mol) and high vapour pressure (0.01 kPa at 20 °C) that include diverse chemical compounds (i.e. ketones). In the last decade, VOCs emitted by species belonging to Bacillus genus have been described for their ability to induce growth in Arabidopsis thaliana, which is usually used as model plant (Ryu et al., 2003; Kanchiswamy et al., 2015) . The VOCs have the ability to elicit plant growth in absence of physical contact through the induction of physiological changes depending on doses and culture medium for bacterial growth (Zhang et al., 2007; Blom et al., 2011) . Therefore, we propose that VOCs emitted by Bacillus species can be a new strategy to induce growth on horticultural species for reducing the application of agrochemical products.
Based on the above mentioned, Lactuca sativa emerges as a model vegetable to test volatiles as growth inducer due to easy management, fast germination and sensitivity to compounds exposition (Charles et al., 2011) . The objectives of the present study were: (1) to evaluate culture conditions of Bacillus sp. BCT9 for producing volatiles with growth-inducing activity and (2) to determine the effects of identified volatile organic compounds on L. sativa germination.
Materials and Methods

Bacterial isolates and plant growth conditions
The Bacillus sp. BCT9 (Genbank access number: KX395632) was streaked on Plate Count Agar. Commercial seeds of L. sativa (Green lettuce cv Reina de mayo asepo, semillas Fito, S.A) were surfacesterilized during 8 min with 3% sodium hypochlorite and washed with sterile distilled water. Later, seeds were placed on Murashige and Skoog basal medium with vitamins 0.5X (PhytoTechnology Laboratories, LLC™) containing 0.8% agar and 1.5% sucrose (MS-A). Petri dishes were placed under 16/8-h lightdark cycle at 20-25 °C. Germinated seedlings were transferred to two-compartment Petri dishes after 2 days for experimental uses (Ryu et al., 2003) .
Evaluation of Bacillus sp. BCT9 dose on L. sativa growth
According to the methodology reported by Fincheira et al. (2016) , bioassays were performed in two-compartment Petri dishes (90 x 15 mm) with 8 CFU mL -1 ). The plates were distributed in a randomized design and non-inoculated plates were used as control (Blom et al., 2011; Velázquez-Becerra et al., 2011) . The evaluation of L. sativa growth was measured on day-10.
GC-MS analysis of volatile organic compounds released by Bacillus sp. BCT9
Bacterial isolate (25 mL) was grown in 250 mL of MRVP for 19 h at 34 °C to collect volatiles using Solid Phase Micro Extraction (SPME) fiber polydimethylsiloxane/divinylbenzene (PDMS/ DVB), previously conditioned with helium for 10 min at 250 °C. Volatiles were desorbed at 250 °C for 2 min in an injector of gas chromatograph coupled with mass spectrometer (Thermo Electron Corporation). The chromatographic separation was per-formed by DB-1 column using helium flow (1.0 mL min -1 ). Mass spectra were acquired from 35 to 500 a.m.u applying an electronic imput of 70 eV .The
VOCs were identified by comparing Kovats indices (KIs) with the corresponding commercial standards by injecting an alkane series (C9-C26) (Tampe et al., 2016) .
Germination toxicity assays
The disinfected seeds (n=15) 
Statistical analysis
The growth parameters were analyzed by Statistix v10. The diferent results from the VOCs treatments on L. sativa growth parameters were analyzed using analysis of variance (ANOVA) and LSD test (P ≤ 0.05). 
Results
The effects of different culture conditions on
Discussion
Bacterial species have been intensively studied for their ability to increase plant growth by emission of non-volatile compounds, but recent studies have discussed strongly the relevant ecological role of volatiles by their ability to induce growth without physical contact (Casarrubia et al., 2016; Tyc et al., 2016) . In the last decade, Ryu et al. (2003) so many studies have focused on these parameters (Salazar-henao et al., 2016) . Until now, mycorrhiza associations have been studied intensively for decades by its role to tolerate biotic and abiotic stress, plant productivity, nutrients acquisition and plant productivity ( Van der Heijden et al., 2015) . Specifically, a recent study performed by Durán et al. (2016) 
Conclusions
VOCs released by Bacillus sp. BCT9 act as growth inducer agents at shoot and root level on L. sativa, obtaining the best yield with exposition to VOCs released in a range from 30 to 60 µL of inoculums depending on culture conditions. In addition, the results suggest that VOCs have low toxicity effect on seeds and ketone compounds have stimulating effect on germination stage.
